In order to ensure their market sustainability, it is essential for energy-intensive industrial companies to address the issues of efficient energy use. Companies that are prepared to embrace tariff hikes, structural changes in fuel and energy markets, and a shortage of energy resources have a wider range of options to respond to the new challenges posed by the external environment and to reduce their risks. This task becomes particularly relevant in the context of the development of the circular economy that is aimed at resource optimization, energy conservation, zero-waste manufacturing, and business models that are based on maximum operational efficiency. This study aims to develop a methodology for rational behavior of the energy consumer in the context of the circular economy. The concept of "rational behavior" is defined by the authors as the intention to make the maximum use of the advantages and potential of energy markets in order to reduce the cost of energy supply, increase the level of electrification in industrial production, and use the capabilities of their own energy business. The article describes the main principles of rational behavior that serve as the foundation for effective implementation of various strategies (that of the seller, buyer, or both) in a company. A link is shown between rational behavior and energy market potential management in a company as a mix of technological, economic, and organizational activities performed by the energy consumer in a competitive market and effective market risk management. Forms of off-grid power supply and conditions for their application in manufacturing, for example, mini-combined heat and power (CHP) plants and quadgeneration plants at large metallurgical facilities were analyzed.
Introduction
The transition to a circular economy is a development priority for many countries. For example, China, Finland, Germany, Canada, and Japan are implementing a state policy facilitating such a transition [1] [2] [3] . The European Union adopted a roadmap that sets a 60% reduction target for household solid waste by 2025 [4] . For that sake, a joint European circular economy stakeholder platform was launched [5] . Similar goals are being set for the economy as a whole and for individual industries, with the leading role being given to the energy sector as it both generates and consumes a considerable amount of various waste types. In Estonia and Poland, for example, the energy sector generates around 20% to 30% of total waste [6] . Coupled with the mining industry (including fossil energy sources), that amounts to 70%. In Russia, energy and mining sectors account for over 90% of waste [7, 8] .
(1) Through closed-loop energy production. In this case, the main "action tactics" include giving priority to renewable energy sources (RES), thorough planning of waste disposal processes, and their application in a repetitive production cycle; (2) Through forming sustainable cooperation in the chain "energy sector-industry-utilities sector-municipality (region)". In this case, the goal is to optimize energy flows, design mechanisms for minimizing energy losses, and develop distributed generation; (3) Through integration with end consumers and creation of appropriate innovative business models. From this perspective, the key tasks are to implement demand-side management programs, expand two-sided (platform) markets for electricity and heat, intensify electrification of household and industrial processes, and adopt progressive technologies that provide for better energy efficiency, such as knowledge-intensive services and digital metering, monitoring, and power consumption systems.
The trajectories described above build upon the idea of the transition to zero-waste energy production, which involves the utilization of energy resources in a closed cycle starting with primary raw materials, on to production and consumption, and ending with secondary raw materials ( Figure 1 ). In the context of the first trajectory, it seems reasonable to use the technology of fluidized bed combustion as it increases the generator efficiency, ensures environmental safety of power production, and makes it possible to recycle leftover ash in the production of construction materials. Another option is to minimize waste by creating so-called off-the-grid power systems ( Figure 2 ) that could consist of photovoltaic converters, a small-scale wood-chip-fired combined heat and power (CHP) plant, a diesel power plant, a pellet-burning boiler house, and other equipment [13, 14] . energy sources), that amounts to 70%. In Russia, energy and mining sectors account for over 90% of waste [7, 8] . For the energy sector, including industrial power engineering, the principles of circular economy could be implemented along the following three trajectories [9] [10] [11] [12] : 1) Through closed-loop energy production. In this case, the main "action tactics" include giving priority to renewable energy sources (RES), thorough planning of waste disposal processes, and their application in a repetitive production cycle; 2) Through forming sustainable cooperation in the chain "energy sector-industry-utilities sectormunicipality (region)". In this case, the goal is to optimize energy flows, design mechanisms for minimizing energy losses, and develop distributed generation; 3) Through integration with end consumers and creation of appropriate innovative business models. From this perspective, the key tasks are to implement demand-side management programs, expand two-sided (platform) markets for electricity and heat, intensify electrification of household and industrial processes, and adopt progressive technologies that provide for better energy efficiency, such as knowledge-intensive services and digital metering, monitoring, and power consumption systems. The trajectories described above build upon the idea of the transition to zero-waste energy production, which involves the utilization of energy resources in a closed cycle starting with primary raw materials, on to production and consumption, and ending with secondary raw materials ( Figure 1 ). In the context of the first trajectory, it seems reasonable to use the technology of fluidized bed combustion as it increases the generator efficiency, ensures environmental safety of power production, and makes it possible to recycle leftover ash in the production of construction materials. Another option is to minimize waste by creating so-called off-the-grid power systems ( Figure 2 ) that could consist of photovoltaic converters, a small-scale wood-chip-fired combined heat and power (CHP) plant, a diesel power plant, a pellet-burning boiler house, and other equipment [13, 14] . The circular economy, however, necessitates the adoption of near-zero-waste production practices not only at a company level, but within a single eco-system that includes the energy sector, manufacturing, the utilities sector, and end consumers [15, 16] . An example of the second trajectory is a neighborhood of Stockholm called Hammarby Sjöstad that was designed and constructed entirely in accordance with the canons of the closed-loop economy [17] . District heating and electricity, water supply, and sewage and waste handling utilities are integrated into a single technological system. Waste heat recovered from the sewage treatment plant, combined with heat issued from a local wood-chip-fired CHP plant, provides district heating. Methane gas from wastewater is processed into cooking and vehicular fuel, while its residual sludge reverts to fertilize the forest. The circular economy, however, necessitates the adoption of near-zero-waste production practices not only at a company level, but within a single eco-system that includes the energy sector, manufacturing, the utilities sector, and end consumers [15, 16] . An example of the second trajectory is a neighborhood of Stockholm called Hammarby Sjöstad that was designed and constructed entirely in accordance with the canons of the closed-loop economy [17] . District heating and electricity, water supply, and sewage and waste handling utilities are integrated into a single technological system. Waste heat recovered from the sewage treatment plant, combined with heat issued from a local wood-chip-fired CHP plant, provides district heating. Methane gas from wastewater is processed into cooking and vehicular fuel, while its residual sludge reverts to fertilize the forest.
Another example is an industry cluster in Denmark. Drugmaker Novo Nordisk, enzyme producer Novozymes, and DONG Energy, together with Denmark's largest oil refinery, run by Statoil, swap waste and byproducts [18] . Steam from DONG's power station is pumped along pipelines around town to the Novo Nordisk and Novozymes plants where it is used in several processes. The power station's waste-ash and gypsum waste-are moved to a cement company and a plasterboard maker, respectively. Novo Nordisk and Novozymes wastewater is purified for municipal use, while their leftover biomass is converted to fertilizer. Statoil also reduced emissions by turning waste sulfur and nitrogen into fertilizer and they also feed back used water to the power station and a water reservoir.
Another example is an industry cluster in Denmark. Drugmaker Novo Nordisk, enzyme producer Novozymes, and DONG Energy, together with Denmark's largest oil refinery, run by Statoil, swap waste and byproducts [18] . Steam from DONG's power station is pumped along pipelines around town to the Novo Nordisk and Novozymes plants where it is used in several processes. The power station's waste-ash and gypsum waste-are moved to a cement company and a plasterboard maker, respectively. Novo Nordisk and Novozymes wastewater is purified for municipal use, while their leftover biomass is converted to fertilizer. Statoil also reduced emissions by turning waste sulfur and nitrogen into fertilizer and they also feed back used water to the power station and a water reservoir. Essential changes to production processes that happen in the context of circular economy lead to a transformation of business models at manufacturing companies (third trajectory). In the transformed models, profits are generated not only by the sale of end products and services, but mostly by means of optimization of material flows and diverse use of resources, materials, and end products for a continuous length of time. The focus of such models is on improving operational efficiency and organizational structures. Variants of such business models in the context of energy business are described in Table 1 . Essential changes to production processes that happen in the context of circular economy lead to a transformation of business models at manufacturing companies (third trajectory). In the transformed models, profits are generated not only by the sale of end products and services, but mostly by means of optimization of material flows and diverse use of resources, materials, and end products for a continuous length of time. The focus of such models is on improving operational efficiency and organizational structures. Variants of such business models in the context of energy business are described in Table 1 . On the one hand, the problem of adaptation of energy arrangements at manufacturing companies to the needs of a circular economy appears quite solvable in terms of technical solutions, many of which were already scientifically investigated and trialed in practice. The list of such solutions includes, first and foremost, measures to eliminate losses of energy carriers, energy recycling, an overall rational approach to energy consumption, and introduction of an energy management system [23] [24] [25] . Other areas, however, are less researched. These include ways of fostering the rational behavior of companies in energy markets and principles of creating off-grid power sources. This is mainly due to the cross-disciplinary nature of such studies as they represent an integration of various innovative aspects in the fields of technology, ecology, economics, market strategies, and competence of personnel. At the same time, generalizations applied to industrial power are not sufficiently developed, and the authors' research is devoted to this specific purpose.
The significance of the problem of companies' behavior in energy markets is growing due to the transition to a new energy paradigm that is defined by the development of small-scale generation and microgrids, active expansion of smart grids, transformation of energy and service markets, the emergence of proactive consumers of various nature and, finally, "overall energy hyperconnectivity" [26] . Embracing the circular economy concept, manufacturing companies are becoming active players in the energy market, thus discovering new opportunities for modernization of manufacturing operations and introduction of innovations. The Ellen MacArthur Foundation estimates that this could ensure a 3% increase in productivity annually [3, 27] . Moreover, as our research shows, it is precisely these issues that are of the greatest interest to practitioners, both in terms of methodology and promotional tools.
The purpose of this paper is to construct a comprehensive view of the rational behavior of the energy consumer in the framework of a circular economy, to determine basic strategies of manufacturing companies in the energy market and conditions for implementing such strategies effectively.
Materials and Methods
The research methodology consisted of several stages that made it possible to present approaches to solving the problem of developing energy market strategies for manufacturing companies.
In order to systematize approaches to shaping manufacturing companies' behavior in energy markets, a survey of experts was conducted in the first stage of the research to identify the most "popular" trends and problem areas of zero-waste production management as the priority goal of the circular economy. In the second stage of the research, the authors sought to refine the terminology in order to give more specific definitions to the conceptual aspects of behavior in energy markets. The concept of rational behavior of the energy consumer was introduced; its main principles were explained, along with the structure of the energy market potential of a manufacturing company. The methods that were used in this stage included decomposition, structural, logic, and visual analysis, and conceptual design [28, 29] . Using the proposed conceptual framework along with content analysis enabled the authors to develop a classification and formulate a methodology for designing an energy market strategy that takes into account both technical and economic features of energy arrangements at manufacturing companies operating in various industries, elimination of risks, and utilization of the capabilities of the energy market, as well as justification for creating on-site power generation.
The empirical basis for the research is formed by data harvested from surveys and interviews with the participation of 50 experts, among whom there were heads of energy companies, energy departments at major Russia-based metal companies, chemical companies, and power equipment manufacturers ( Table 2 ). The objectives of the survey were to identify the main directions of the organization of zero-waste production at the enterprises; priority organizational, economic, and technological problems in the transition to zero-waste production and circular economy; formats of work of enterprises in the energy markets; and specific cases for the introduction of advanced energy technologies, including the creation on-site power generation. 
Results and Discussion

Main Approaches to Zero-Waste Production Management in Industrial Energy Use
The conducted survey made it possible to identify the most common and "less popular" problem-prone areas in the development of zero-waste energy production in manufacturing. The use of recovered energy and reduction of energy losses under load conditions and in distribution lines could be classified as category one. One of the problem-prone areas is the process of decision-making on entering energy markets ( Figure 3 ).
According to the experts who took part in the survey, the use of recovered energy that constitutes companies' own internal sources of fuel and energy in today's conditions makes it possible to "minimize market price risks in a situation of externally supplied energy", "to improve the reliability and flexibility of power supply", "to increase the economic and energy efficiency of the core technological processes", According to the experts who took part in the survey, the use of recovered energy that constitutes companies' own internal sources of fuel and energy in today's conditions makes it possible to "minimize market price risks in a situation of externally supplied energy", "to improve the reliability and flexibility of power supply", "to increase the economic and energy efficiency of the core technological processes", "to improve environmental sustainability", "to make the fuel and energy balance of the company more rational", and "to cut overall energy costs". Empirical data confirm the popularity of this approach with manufacturing companies; starting from 2014, the global waste-to-energy market expanded at 5% a year, which is the fastest growth compared to other zero-waste technologies [30, 31] .
The most commonly used source of recovered energy is blast furnace gas. When burnt, it can cover 35% to 45% of heat demand in the energy balance of metals companies [32] . The second most important (after blast furnace gas) source of carbon monoxide at iron and steel companies is converter gas [32] . For example, at a large ironworks with an output of 7 million tons of raw steel a year, around 570 million tons a year of converter gas is generated, which is the equivalent of 130 m 3 of natural gas (the latter's calorific value being 40 MJ/m 3 ). Consequently, per ton of steel that is produced, converter gases are released that are equal to 17-20 m 3 of natural gas [33] . The third major combustible source of recoverable waste energy is coking oven gas. In Japan, for example, the total use of coke gas amounts to 10 billion m 3 of coking oven gas used annually, of which 22% is burnt in coking ovens, 56% is used in metals production, 10% is burnt in municipal heating systems, 8% is Empirical data confirm the popularity of this approach with manufacturing companies; starting from 2014, the global waste-to-energy market expanded at 5% a year, which is the fastest growth compared to other zero-waste technologies [30, 31] .
The most commonly used source of recovered energy is blast furnace gas. When burnt, it can cover 35% to 45% of heat demand in the energy balance of metals companies [32] . The second most important (after blast furnace gas) source of carbon monoxide at iron and steel companies is converter gas [32] . For example, at a large ironworks with an output of 7 million tons of raw steel a year, around 570 million tons a year of converter gas is generated, which is the equivalent of 130 m 3 of natural gas (the latter's calorific value being 40 MJ/m 3 ). Consequently, per ton of steel that is produced, converter gases are released that are equal to 17-20 m 3 of natural gas [33] . The third major combustible source of recoverable waste energy is coking oven gas. In Japan, for example, the total use of coke gas amounts to 10 billion m 3 of coking oven gas used annually, of which 22% is burnt in coking ovens, 56% is used in metals production, 10% is burnt in municipal heating systems, 8% is used at CHP plants, etc. Coking gas is also commonly used to power gas turbine combined cycle plants [34] [35] [36] [37] .
The manufacturing companies differ in their energy recovery capacity and the structure of their waste-to-energy potential. This is due to technological features of production, as well as economic factors [38, 39] . In some production processes, waste-to-energy units are bundled into the technological process (for example, in oxygen steelmaking). The efficiency of energy recovery also strongly depends on the operation cycles of machines and mechanisms generating waste energy. This is partly the reason why the utilization of waste energy is fairly low in the machinery industry [40] .
In general, the practice of designing and calculating economic justification for energy recovery installations, as well as their actual performance, shows that they produce significant efficiency gains. For example, the cost of "fuelless" steam that is generated by exhaust heat boilers is half the cost of the steam produced by CHP plants. The efficiency of investment in energy recycling is two to three times higher than in the conventional fuel and energy industry. The most important outcome of energy recovery is the saving of primary energy carriers. This is the main determining factor of the obtained economic effect from the perspective of the circular economy.
Many of the companies analyzed by the authors constructed their own small-scale CHP plants and on-site generators as part of programs aimed at improving energy efficiency and zero-waste production. By doing so, they seek to realize a dual goal of reducing the cost of prime production and going off the grid. Companies that possess big potential in terms of recyclable resources find themselves in the most favorable situation.
For example, on-site electricity produced by Russia's Magnitogorsk Iron and Steel Works is 2.5 times cheaper than the market price because the company-owned power plants utilize blast furnace gas, coke-oven gas, and other secondary energy sources, while transmission costs are minimal [41] . Novolipetsk Iron and Steel Works recycle furnace blast gas and coke-oven gas to power a waste-to-energy 150-MW and a 24-MW top-pressure recovery turbine plant consisting of two pressure recovery turbines as part of its "green" energy strategy. The facilities brought the share of own-generated electricity in the company's total consumption in 2016 to 54% [42] . EVRAZ Nizhny Tagil Metallurgical Plant implemented a project to utilize a previously unused resource-converter gas-for generating steam in heat recovery boilers. This makes it possible to heat return water in the district heating network. By installing the heat recovery equipment, the company was able to considerably reduce the consumption of natural gas, thus improving the ecological footprint of generation and minimizing water loss and waste of chemical water treatment.
It has to be noted that the attitude of businesses to specific processes of the actual implementation of the above trends evolves in line with the economic situation and emergence of new technologies. For example, the cost of adding heat recovery equipment on the existing technologies in the iron and steel industry might sometimes prove higher than core production costs.
Substantial and easily adoptable reserves for increasing resource efficiency can also be found in conventional technologies. For example, energy losses occur in all elements of the energy technological system, but the cost of eliminating them varies significantly. In this context, it is advisable to start energy-economic analysis of the system starting from the end stage of the technological process because the lowest-cost energy-saving options are usually hidden in the process load.
Losses in distribution lines can also be substantial. For example, many manufacturing companies typically sustain considerable heat losses in poorly insulated pipelines that lead to units using steam at different pressure. There are also leaks from flange joins, threaded connections, etc. By detecting the above sources of losses, it is possible to considerably reduce fuel and electricity consumption at the company's boiler house and cut back on bills for externally supplied heat.
Despite the relatively strong "popularity" of this approach among the respondents, loss elimination measures often prove too complicated a task. As a rule, the main difficulties stem from an ineffective manufacturing culture that is still typical of the majority of developing countries [37, 43] . Consequently, it might be reasonable to recommend that a manufacturing company fine-tunes its system of energy management first and then moves on to implementing specific measures in the field of zero-waste production [44] . There are several currently relevant tasks energy managers at manufacturing companies need to address both from the methodological and practical points of view. The priority for most of them is to minimize current expenditures on fuel and energy carriers, to design mechanisms for reducing the energy intensity of production, and cost management. More complex tasks are associated with the development of rational behavior when taking part in operation in energy markets, construction of appropriate energy market strategies, and making strategic decisions by the owners on creating the company's own energy sources. The tasks could be solved within the framework of various approaches to energy cost management (Table 3) . Table 3 . Methodological approaches to energy cost management in manufacturing.
Approach
Conditions of Use Peculiarities
Minimization of energy costs
• There are limitations in terms of equipment productivity, product quality, safety, and eco-friendliness of production • Consumer has no choice over energy prices and energy suppliers • Main efforts are aimed at changing the structure of replaceable energy carriers in favor of cheaper ones and transition to less energy-intensive types of products
Weaker connection between energy cost management and efficiency management in core production. As a result, the introduction of advanced energy intensive technological processes slows and product innovations slow down; electric power use per worker ratio and electrification levels do not grow.
Optimization of energy costs
• High degree of competition in main markets • Uncertainty about energy prices and energy market trends • Main efforts are aimed at general energy conservation and higher energy efficiency of production, introduction of new technology, expansion of electrification Energy costs might be higher as compared to the first approach, but opportunities emerge for the company's technical development and diversification of its energy business.
The approach based on energy cost minimization limits opportunities for the company's technical development, which means its efficiency will be frozen at the current level. This does not apply to extremely energy-intensive production facilities where electrification reaches the upper limit. In that case, cost minimization is the only possible option. The implementation of the more advanced concept of energy cost optimization implies that the consumer is able to look for and freely choose among energy supply options, based on prices of energy carriers, energy suppliers, and various ancillary services.
Companies' action strategy is built on the principles of rational behavior that the authors define as "seeking to make the maximum use of advantages and capabilities of energy markets in order to cut energy costs, increase the level of the electrification of manufacturing, and develop its own energy business while minimizing associated threats and risks". The principles are as follows:
1.
Motivation to cut (optimize) energy costs. Different consumers will tend to behave in a certain way in energy markets depending on the power of their motivation to be proactive. It has to be observed that positioning oneself as a knowledgeable consumer who operates as an independent buyer in the wholesale market (proactive type of behavior) or as a customer of an energy provider (passive type of behavior) does not mean by itself that measures aimed rationalization of energy processes and zero-waste management will prove ineffective. Such positioning could be prescribed by the technical characteristics of the consumer [45] .
2.
Monitoring of the company's own energy market potential. Energy market potential describes the technical, economic, and organizational prerequisites for maneuvering in a competitive market and effective management of market risks by the consumer. The concept and the corresponding characteristic property of a company need to be introduced in order to determine the market status of the consumer, motivation to reduce energy costs and engage in energy business, the preparedness of energy managers to operate proactively in markets, and priority market strategies. Table 4 presents the constituents of the potential, the corresponding indicators, and areas of their application. For example, energy-technological potential reflects a company's capability of generating off-the-grid power; economic potential indicates the factor of motivation; organizational potential reflects the quality and energy management-its willingness to change. It is possible to draw the conclusion that the stronger the energy market potential of a company is, the more room for action and the wider choice of market strategies and their combinations it has, while its strategic management becomes more adaptive.
3.
Flexible positioning in energy markets and active search for effective suppliers. The principle implies that, for successful operation in electric power markets, energy managers must have appropriate competencies. More specifically, they must have knowledge in pricing principles that apply in the regulated and competitive sectors of the energy market, the types of services that are provided by energy service companies and utilities, modern methods of price risk management, technical and economic foundations of hybrid power supply, electrification of manufacturing and ways of improving the energy efficiency of manufacturing, and the main types of advanced electric power installations for self-sustained power supply [46] [47] [48] .
Methodological Approaches to Defining the Energy Market Strategy of a Company
The problem of developing energy market strategies for manufacturing companies is particularly complex due to technical and economic peculiarities of energy arrangements and uncertainty in the future development of the industrial sector, such as the following:
(a) A rigid link with the core technological processes, for example, in metallurgy, machine building, and petrochemical production in terms of the following: Consequently, the strategy for industrial on-site power generation and energy use (especially regarding capacity expansion) is pegged to the growth strategy for core production. It can, however, have its own strategic goals that reflect areas such as reliability, energy efficiency, or the format of participation in energy markets.
The authors define energy market strategy as a tool of implementing the principle of "rational behavior". This tool is of practical value for the energy management of enterprises in determining the direction of actions to use the opportunities of the energy market that have different options and scenarios ( Figure 4) . Consequently, the strategy for industrial on-site power generation and energy use (especially regarding capacity expansion) is pegged to the growth strategy for core production. It can, however, have its own strategic goals that reflect areas such as reliability, energy efficiency, or the format of participation in energy markets.
The authors define energy market strategy as a tool of implementing the principle of "rational behavior". This tool is of practical value for the energy management of enterprises in determining the direction of actions to use the opportunities of the energy market that have different options and scenarios ( Figure 4 ). There are three basic strategies that can be identified for different companies. The following strategies reflect the above principles of rational behavior in energy markets: 1) Strategy of the buyer; 2) Strategy of the seller; 3) Combined strategy. There are three basic strategies that can be identified for different companies. The following strategies reflect the above principles of rational behavior in energy markets:
(1) Strategy of the buyer; The choice of a strategy is influenced by the technical and economic peculiarities of the energy arrangements at companies.
Strategy of the buyer ( Figure 5 ). This strategy can be conventionally designated as "price search strategy". It is suitable for companies that do not have their own power-generating installations and are not going to acquire them, or when the available generators only meet part of the demand for electric power. The choice of a strategy is influenced by the technical and economic peculiarities of the energy arrangements at companies.
Strategy of the buyer ( Figure 5 ). This strategy can be conventionally designated as "price search strategy". It is suitable for companies that do not have their own power-generating installations and are not going to acquire them, or when the available generators only meet part of the demand for electric power. The technology employed by some manufacturing companies (for example, in electrometallurgy) determines the high energy intensity of production and the levels of electrification of industrial processes that are close to the upper limits. In that case, the strategic goal is to "minimize energy costs" by improving energy efficiency and choosing an optimal price of electricity on the basis of the technical and commercial reliability of suppliers and with the goal of encouraging energy conservation. At the same time, it is inexpedient in terms of the competitiveness of costs to try to get the lowest price if there are reserves for saving electricity in the processes where it is the only energy option. That would block investments in rationalizing energy arrangements at such production facilities. The ultimate decision has to be guided by the considerations of economic effectiveness and ensuring the required degree of reliability of power supply.
Other companies have technical and economic opportunities for using alternative energy carriers and increase the level of the electrification of industrial processes by replacing quality fuel with electricity (for example, in high-temperature processes in mechanical production). The natural result of exercising these options will be an increase in the ratio of energy costs to total production costs. On other hand, the integrated effect of electrification will yield a reduction in other elements of costs, higher equipment productivity, and better quality. As a result, the overall economic effectiveness of production grows.
This case matches a strategic goal that can be described as "optimization of energy costs" when the purpose of searching for a better price is to increase the economic competitiveness of electric power in comparison to the energy carrier being replaced (most often natural gas). This means that the upper limit for the electricity price will be determined by natural gas prices; thus, searching for the lowest possible price of electric power in order to meet the goal is quite reasonable.
Demand for electric power at a manufacturing company can be divided into three blocks that each cover specific consumers: groups of energy-consuming equipment and processes. Consequently, the strategic goals of the buyer will differ in relation to individual energy-consuming processes. For example, cost optimization matches the peculiarities of technology-determined The technology employed by some manufacturing companies (for example, in electrometallurgy) determines the high energy intensity of production and the levels of electrification of industrial processes that are close to the upper limits. In that case, the strategic goal is to "minimize energy costs" by improving energy efficiency and choosing an optimal price of electricity on the basis of the technical and commercial reliability of suppliers and with the goal of encouraging energy conservation. At the same time, it is inexpedient in terms of the competitiveness of costs to try to get the lowest price if there are reserves for saving electricity in the processes where it is the only energy option. That would block investments in rationalizing energy arrangements at such production facilities. The ultimate decision has to be guided by the considerations of economic effectiveness and ensuring the required degree of reliability of power supply.
Demand for electric power at a manufacturing company can be divided into three blocks that each cover specific consumers: groups of energy-consuming equipment and processes. Consequently, the strategic goals of the buyer will differ in relation to individual energy-consuming processes. For example, cost optimization matches the peculiarities of technology-determined consumption that allows for electrification expansion (for example, furnaces can be powered by both electricity and gas). In this case, it is desirable to receive electricity at a stably low price. The goal of cost minimization applies to electrical equipment and lighting, as electricity is practically the no-alternative energy carrier powering them; hence, higher prices generally encourage power conservation.
The "blocking" method proposed within the framework of the strategy of the buyer allows for well-grounded planning of demand for capacity and electricity, and to formulate case-specific requirements to price limits and associated risks.
Strategy of the seller. The conventional name of the strategy is "energy business". The following business processes are designed within the framework of the strategy:
• Generation and sale of electricity (capacity) in a retail and wholesale market; • Generation and sale of heat (capacity) in local markets; • Provision of technological services in a wholesale electricity market (under a contract with the grid operator).
In order to engage in energy business, a company needs to have unused (excess) generating capacity. The capacity might emerge as a result of a cut in the company's own energy consumption thanks to energy-saving measures and ensuing changes in the company's output and product range. Excess capacity also appears as a result of converting boiler houses into steam turbine plants and the renovation of on-site gas turbine power plants that are converted into CHP plants. Both main and backup equipment could be used as commercial energy sources. Only large corporations can afford to construct a high-capacity CHP plant specifically for its energy business or to buy a stake in a large power plant, as they possess the necessary investment and financial resources, and have access to cheap fossil fuels (for example, major oil-and gas-producing companies) [48] .
When pursuing this strategy, one needs to remember that the competitiveness of an industrial CHP plant in heat and electricity markets is determined by a number of factors [49] . The first factor is the technical and economic characteristics of generators, gas turbines, and combined cycle installations being recognized as leaders in this regard. The second factor is fuel prices and the ratio between market prices of electricity and market prices of natural gas. Together, these two factors form the gross revenue that a CHP plant must generate as a business-driven project. Thirdly, it is necessary to provide accurate substantiation for the selling price at which both energy carriers will be offered. That will require effective price marketing arrangements and a method of distributing indirect costs of running the CHP plant. The method should be in line with the current market conditions. Another important factor is the cost of heat and the existence of potential buyers of thermal energy.
Combined strategy (Figure 6 ). The strategy is named "regulatory consumer". A company that pursues the strategy buys electricity (capacity) in different markets and also offers and supplies its regulatory resource in the technology services market. Two schemes could be activated within the framework of the strategy: one involving controllable sets and another one utilizing backup generators for meeting peak demand.
Flexible controllable units (for example, ferroalloy furnaces) must have the technical capability to shed the load during peak hours (up to complete stoppage) without any damage to the quality of products. During night hours, they operate in a boost mode. The regulatory potential of the company's flexible equipment might be demanded by the grid operator, for example, when there is insufficient balance of generating capacity in the grid, a shortage of peak-hour capacity, etc. Additionally, such services will be paid for by the market operator at set prices (later at bid prices), and the providing company will be exempt from a charge for maintaining reserve capacity that is usually included in the electricity price. Flexible controllable units (for example, ferroalloy furnaces) must have the technical capability to shed the load during peak hours (up to complete stoppage) without any damage to the quality of products. During night hours, they operate in a boost mode. The regulatory potential of the company's flexible equipment might be demanded by the grid operator, for example, when there is insufficient balance of generating capacity in the grid, a shortage of peak-hour capacity, etc. Additionally, such services will be paid for by the market operator at set prices (later at bid prices), and the providing company will be exempt from a charge for maintaining reserve capacity that is usually included in the electricity price.
Construction of Company's Own Energy Sources
A company's decision to go completely or partially off the grid and to start using its own energy source could be viewed as a kind of consumer choice and a response to economic threats and risks generated by energy markets [50, 51] . The company may change its market status by turning from a buyer to a seller if its generating units operate in parallel with the energy system and supply excess energy and capacity (electric power and thermal energy) to the regional grid.
The expert survey conducted by the authors showed that manufacturing companies were guided by the following motivations when they constructed on-site generators:
• Growing or unstable prices of electricity and heat; • Development of renewable energy sources and small-scale generation, along with a decrease in the cost of RES equipment and technologies. For example, the price of a standard photovoltaic module in the world decreased tenfold over the past decade, while the total capacity of photovoltaic (PV) systems increased 15 times between 2008 and 2018 ( Figure 7 ). Expert assessments of the so-called levelized cost of electricity from renewables are consistently indicating that the cost of electricity production from renewables is near that of electricity generated by means of conventional technologies [52-54]; • The external source of electricity supply does not meet the reliability requirements of the consumer; • Technical restrictions on connection of new consumers to the grid. 
• Growing or unstable prices of electricity and heat; • Development of renewable energy sources and small-scale generation, along with a decrease in the cost of RES equipment and technologies. For example, the price of a standard photovoltaic module in the world decreased tenfold over the past decade, while the total capacity of photovoltaic (PV) systems increased 15 times between 2008 and 2018 ( Figure 7 ). Expert assessments of the so-called levelized cost of electricity from renewables are consistently indicating that the cost of electricity production from renewables is near that of electricity generated by means of conventional technologies [52-54]; • The external source of electricity supply does not meet the reliability requirements of the consumer; • Technical restrictions on connection of new consumers to the grid.
There are also internal prerequisites, such as high electric power and thermal energy intensity of production, the availability of the company's own cheap fuel (recovered energy, production waste, secondary fuels), strong incentives to reduce energy costs, and the company's investment capabilities. That leads one to a conclusion that even strong external motivating factors may fail to encourage every single consumer to fully switch over to off-the-grid energy sources unless it has the actual means and capability to do that.
There are various forms of stand-alone power supply. They differ by the degree of their independence from external energy supply, type of generator, economic efficiency, and their compatibility with the baseline characteristics of consumers and energy market parameters (Table 5 ). There are also internal prerequisites, such as high electric power and thermal energy intensity of production, the availability of the company's own cheap fuel (recovered energy, production waste, secondary fuels), strong incentives to reduce energy costs, and the company's investment capabilities. That leads one to a conclusion that even strong external motivating factors may fail to encourage every single consumer to fully switch over to off-the-grid energy sources unless it has the actual means and capability to do that.
There are various forms of stand-alone power supply. They differ by the degree of their independence from external energy supply, type of generator, economic efficiency, and their compatibility with the baseline characteristics of consumers and energy market parameters (Table 5) . Table 5 . Forms of self-sufficient power supply and conditions for their application at manufacturing companies. The following types of energy installations are recommended for decentralized power supply of manufacturing companies:
Form of Power Supply
Consumption Characteristics
Energy Market Characteristics
Type of Installation Outcomes
• Combined-cycle gas turbines and gas-powered generators; Small and medium combined-cycle gas-turbine units (0.5 to 20 MW) are the most attractive option for operation in a baseload mode. They are compact and fairly inexpensive (500 to 600 United States dollars (USD)/kW) yet highly efficient (up to 85 to 90%). The thermal efficiency of such units will be the highest if the rated capacity of the gas turbine unit matches the guaranteed thermal load of the unit throughout the year [55] . Backup turbine units of industrial CHP plants with high flexibility characteristics can prove economically efficient when used for meeting the system peak load and as a paid-for system emergency reserve. An important prerequisite for the wide application of small-and medium-sized combined-cycle CHP plants is the possibility of adding them onto existing industrial gas-powered boiler houses in case of the renovation, expansion, or modernization of the latter [56, 57] .
There are a number of configurations of combined-cycle CHP plants with high thermal efficiency and electricity generation capacity at the set thermal input. The simplest and most common one is the thermal scheme that envisages that heat energy is only generated by capturing the heat from exhaust gases in the turbines of gas-cooled heat exchangers (heat recovery boilers, heating or steam boilers).
The installation of small steam turbine generator sets at industrial boiler houses, especially those powered with residual oil and solid fuels, is globally recognized as a highly promising global trend [58] . Turbines work instead of throttling devices-pressure-reducing valves-when the pressure of the passing steam changes in transition between the boiler and extraction for industrial purposes, or the heat exchanger. Installing the turbines in parallel with throttling valves makes it possible to produce electricity that is eight times cheaper than externally sourced electricity. Small steam turbine sets can be used not only for driving generators, but also for propelling generator sets at all types of boiler houses powered by industrial steam. This allows for cutting internal electric power consumption by 70% to 80%. The replacement of a section of boilers at gas-powered boiler houses with combined-cycle gas turbine units will pursue the same goals.
There are, however, certain performance-related technical issues that hamper the economic efficiency of industrial energy sources utilizing advanced technologies [59] . For example, it can be difficult to ensure that electricity produced at units at small-scale CHP plants operating in stand-alone mode meets the established quality standards [60] . However, it is much easier to do in the case of parallel operation with the grid. The parallel mode increases short-circuit currents in the distribution network that will have to be overhauled at a cost borne by the owner of the small-scale power plant.
Ural Mining and Metallurgical Company (UMMC), a leader of the global metal industry, is an example of a company that actively expands it is own small-scale generation. One of its subsidiaries, Sredneuralsk Copper Smelter (SUMZ), launched a mini-CHP plant consisting of five 4.3-MW gas generator sets manufactured by Motoren WerkeManheim. The generators operate in cogeneration mode producing hot water. The annual electricity output of the mini power plant is 162 million kWh of thermal energy (97,000 Gcal). The CHP plant enabled SUMZ to not only improve the reliability of power supply at its facilities, to reduce energy costs and increase the energy and environmental safety of production, but it was also a pilot project implemented by UMMC under a build-operate-transfer (BOT) contract, whereby an investor funds the construction of an on-site power generating facility that is then leased to the contractor. The term of the lease is usually equal to the project payback period. When it ends, the facility is transferred into the ownership of the operator.
Another example that fully fits the peculiarities of the circular economy, as well as of industrial digitalization trends, is the construction of a smart energy center to service UMMC's greenhouse complex in Yekaterinburg (Sverdlovsk Region, Russia). The energy center operates in isolation from the local distribution network (island mode). The installed capacity of the energy center is 26.4 MW for electricity and 94.3 Gcal/hour for thermal energy, which meets the energy needs of the greenhouse complex by practically 100% as energy costs account for up to 50% to 60% of the total costs of greenhouse crop production using supplemental lighting. Having a small CHP plant will not only make it possible to minimize expenditure on externally sourced energy, but also to considerably increase crop yield thanks to carbon dioxide recovered from exhaust gases.
The energy center employs a quadgeneration system combining the production of heat, carbon dioxide, power generation, and refrigeration, which is a unique solution as heat is generated in parallel with chill. In addition to the main energy components (electricity and heat), the gas generator set of the energy center produces a plant fertilizer-carbon dioxide-thanks to the CoDiNox r Catalytic system. The project also envisages the installation of absorption refrigerators that will eliminate the main drawback of greenhouse complexes that have to use water heaters in the summer to produce carbon dioxide while releasing excess heat into the environment. The UMMC energy center utilizes excess heat in absorption refrigerators for generating chill to air-condition the sorting and packing area.
Conclusions
High costs of energy production and transmission, unstable energy process, and the urge to switch over to a resource-saving and low-carbon model of business are a source of uncertainty, risks, and problems for companies in terms of efficient energy use. This is particularly relevant to energy-intensive consumers who rely on costly and high-quality energy carriers (gas and electric power) and who operate in a tough competitive environment.
The circular economy sets special requirements for energy management in manufacturing. This, first and foremost, means putting straight energy consumption in order to ensure the maximum conservation of energy down the entire production and process chain. These are purely organizational measures that do not require big investment, but that have great potential in developing countries (improved accounting practices, energy-saving measures in universal processes such as lightning, electric engines, ventilation, heating).
At the same time, the study shows the increasing relevance of a strategic approach to manufacturing companies' behavior in energy markets. In this regard, this study may be of particular interest for developing countries that are in the final stage of energy liberalization, as well as for countries with complex energy market structures.
The conceptual framework that was developed by the authors allows for building a methodological basis of such an approach to energy management and to ensure the participation of specialists from different fields of knowledge and practice in making interdisciplinary decisions. The proposed classification of energy market strategies and areas of their application enables one to make a rational choice of behavior alternatives that match the specific marketing goals of a company. The choice can be made through analyzing the technological peculiarities of production processes, determining the marketing goals of the company, verifying the volume of demand and the structure of demand for (supply of) the company's core products, and the volume of energy that is required for production.
As small-scale generation technologies are getting increasingly advanced, having an on-site energy source is becoming more attractive as an option. Coupled with the penetration of smart technologies in core manufacturing practices and a transition to a new energy paradigm, conditions for comprehensive utilization of reserves of various resources are created.
In this regard, this scientific paper opens up prospects for further research in a number of areas. On that score, the studies of the characteristics of the new stage of electrification determined by the trends of the Fourth Industrial Revolution are relevant, as industrial enterprises are transforming into active consumers interested in implementing energy demand management programs and using new technological opportunities to customize production at a fast pace. Another major scientific task is the definition of competencies and the organization of advanced training of highly qualified specialists and teams to work in the new energy paradigm conditions and markets.
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